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COLLAPSIBLE EXPANSION CONE 

Cross Reference To Related Applications 
The present application claims the benefrt of the filing dates of: (1) U.S. provisional 
patent application serial no. 60/338,996. attorney docket no. 25791.87, filed on 
11/12/2001. (2) U.S. provisional patent applicaOon serial no. 60/339.013, attorney 
docket no. 88. filed on 11/12/01 (3) U.S. provistonal patent application serial no. 
60/363.829. attonney docket no. 25791.95. filed on 3/13/2002. and (4) U.S. provisional 
patent application serial no. 60/387.961. attorney docket no. 25791.108. tiled on 
6/12/2002, the disclosures of whk:h are incorporated herein by reference. 

The present applteatkm is related to the foltowing: (1) U.S. patent application serial no. 
09/454,139. attorney docket no. 25791.03.02. filed on 12^1999. (2) U.S. patent 
applicatton serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent applicatkm serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/1W2000, (4) U.S. patent no. 6,328,113, (5) U.S. patent appiicatton serial no. 
09/523,460. attorney docket no. 25791.11.02. filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512.895, attorney docket no. 25791.12.02. filed on 2/24/2000, 
C7) U.S. patent applicatfon serial no. 09/511,941, attorney docket no. 25791.16.02, ffled 
on 2/24/2000, (8) U.S. patent application serial no. 09/588.946, attorney dodtet no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, 
attorney docket no. 25791.23.02. filed on 4/26/2000. (10) POT patent application serial 
no. PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provisfonal patent applicatfon serial no. 60/162,671. attorney docket no. 25791.27. filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047. attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisfonal patent application serial 
no. 60/159.082. attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisfonal patent applicatfon serial no. 60/159.039. attorney docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provisfonal patent applicatfon serial no. 60/159.033, attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisfonal patent application serial 
no. 60/212.359, attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisfonal 
patent application serial no. 60/165,228. attorney docket no. 25791.39, filed on 
11/12/1999, (18) U.S. provisional patent application serial no. 60/221,443, attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent applicatfon serial 
no. 60/221.645. attorney docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional 
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patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on 
9/18/2000. (21) U.S. provisional patent application serial no. 60/237,334, attorney 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial 
no. 60/270,007, attonr^ey docket no. 25791.50, filed on 2/20/2001, (23) U.S. provisional 
5 patent application serial no. 60/262.434, attorney docket no. 25791.51, filed on 
1/17/2001, (24) U.S, provisional patent application serial no. 60/259.486, attorney 
docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application serial 
no. 60/303,740. attorney docket no. 25791.61. filed on 7/6/2001. (26) U.S. provisional 
patent applfeation serial no. 60/313,453, attorney docket no. 25791.59. filed on 
10 8/20/2001, (27) U.S. provisional patent application serial no. 60/317,985, attorney 
docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent applicafion serial 
no. 60/318,021, attorney docket no. 25791.58, filed on 9/7/2001. (29) U.S. provisiwial 
patent application serial no. 60/3318,386, attorney docket no. 25791.67.02, filed on 
9/10/2001, (30) U.S. provisional patent appHcation serial no. 60/326,886, attorney 
15 docket no. 25791 «60. filed on 10/3/2001, (31) U.S. utility patent application serial no. 
09/969.922. attorney docket no. 25791.69, filed on 10/3/2001, (32) U.S. provisional 
patent application serial no. 60/338,996, attorney docket no. 25791.87, filed on 
11/12/2001, (33) U.S. provisional patent application serial no. 60/339,013, attorney 
docket no. 25791.88, filed on 11/12/2001, (34) U.S. utility patent applicaticm serial no. 
20 10/016,467. attorney docket no. 25791.70, filed on 12/10/2001. (35) U.S. provistonat 
patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on 
12/27/2001, (36) U.S. provisional patent appltcatton serial no. 60/346,309, attorney 
docket no 25791.92, filed on 1/7/2002, (37) U.S. provisbnai patent application serial 
no. 60/357,372, attorney docket no. 25791.71, filed on 2/15/2002, (38) U.S. provisional 
25 patent applicatton serial no. 60/363.829. attorney dodcet no. 25791.95. filed on 
3/13/2002, (39) U.S. provisional patent application serial no. 60/372,048, attorney 
docket no. 25791.93. filed on 4/12/2002, (40) U.S. provisional patent application serial 
no. 60/372,632. attorney dodcet no. 25791.101, filed on 4/15/2002, (41) U.S. 
provisional patent application serial no. 60/380,147, attorney docket no. 25791.104, 
30 filed on 5/6/2002. (42) U.S. provisional patent appllcatton serial no. 60/383.917, 
attorney docket no. 25791.89, filed on 5/29/2002, (43) U.S. provisional patent 
application serial no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/2002. 
(44) U.S. provisional patent application serial no. 60/387,961, attorney docket no. 
25791.108. filed on 6/12/2002. (45) U.S. provisional patent application serial no. 
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60/391.703, attorney docket no. 25791.90. filed on 6/26/2002. (46) U.S. provisional 
patent application serial no. 60/397.284. attorney docket no. 25791.106, filed on 
7/19/2002. (47) U.S. provistonal patent application serial no. 60/398.061. attorney 
docket no. 25791.1 10, filed on 7/24/2002. (48) U.S. provistonal patent application serial 

5 no. 60/399,240, attorney docket no. 25791.111, filed on 7/29/2002. (49) U.S. 
provistonal patent applicatton serial no. 60/405,610, attorney docket na 25791.119, 
filed on 8/23/2002, (50) U.S. provisional patent applicatton serial no. 60/405.394. 
attorney docket no. 25791.120. filed on 8/23/2002. (51) U.S. provisional patent 
appBcation serial no. 60/407.442. attorney docket no. 25791.125, filed on 8/30/2002. 

10 (52) U.S. provisional patent appltoation serial no. 60/412.542. attorney docket no. 
25791.102. filed on 9/20Q002, (53) U.S. provistonal patent applteatton serial no. 
60/412,177, attorney docket no. 25791.117. filed on 9/20/2002, (54) U.S. provisional 
patent application serial no. 60/412,653, attorney docket no. 25791.118, filed on 
9/20/2002, (55) U.S. provistonal patent appltoation serial no. 60/412,544, attorney 

15 docket no. 25791 .121. filed on 9/20/2002. (56) U.S. provistonal patent applicatton serial 
no. 60/412,187. attorney docket no. 25791.128. filed on 9/20/2002. (57) U.S. 
provistonal patent application serial no. 60/412,187, attorney docket no. 25791.127, 
filed on 9/20/2002, (58) U.S. provistonal patent appBcation serial no. 60/412.487, 
attorney docket no. 25791.112, filed on 9/20/2002. (59) U.S. provistonal patent 

20 application serial no. 60/412,488. attorney docket no. 25791.114. filed on 9/20/2002. 
and (60) U.S. provisional patent applicafion serial no. 60/412.371, attorney docket no. 

25791.129. filed on 9/20/2002. , (61) PCT Patent /^plication No. PCT/US02 , 

attorney docket no. 25791.87.02. filed on 11/11/02 and (62) PCT Patent /^plicatton 
No. PCT/US02 , attorney docket no. 25791.88.02. filed on 11/11/02, the 

25 disctosures of which are incorporated herein by reference. 

Background Of The Inventton 

This Invention relates generally to oil and gas expkjration. and In particular to forming 
30 and repairing weHbore casings to facilitate oil and gas exptoration. 

During oil exploration, a wellbore typically traverses a number of zones wittiln a 
subterranean fomiation. Wellbore casings are ttien formed In the wellbore by radially 
ejqpanding and piasficaliy defonming tubular members that are coupled to one anotfier 
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by threaded connections. Existing methods for radially expanding and plastically 
defonning tubular members coupled to one another by threaded connections are not 
always reliable or produce satisfactory results. In particular, the threaded connections 
can be damaged during the radial expansion process. 

The present Invention is directed to overcoming one or more of the limitations of the 
e)dsting processes for radially expanding and plastically deforming tubular members 
coupled to one another by threaded connections. 

Summary of the Invention 
According to one aspect of the present Invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes an 
upper tubular support member defining a first passage, one or more cup seals coupled 
to the exterior surface of the upper tubular support memt>er for seaGng an interface 
between the upper tubular support member and the expandable tubular member, an 
upper cam assembly coupled to the upper tubular support member comprteing: a 
tubular base coupled to the upper tubular support member, and a plurality of cam arms 
extending from the tubular base in a downward longitudinal direction, each cam arm 
defining an inclined surface, a plurality of upper expansion cone segments interleaved 
with ttie cam arms of the upper cam assembly and pivotally coupled to the tubular 
support memt>er, a lower tubular support member definir^ a second passage fluididy 
coupled to the first passage releasably coupled to the upper tubular support member, 
and a lower cam assemtrfy coupled to the lower tubular support member comprising: a 
tubular base coupled to the lower tubular support memt>er, and a pluraltty of cam arms 
extending from the tubular base in an upward longitudinal direction, each cam arm 
defining an indined surface that mates with the indined surface of a corresponding one 
of the upper expansion cone segments, wherein the cams amis of the upper cam 
assembly are interleaved with and overlap the cam arms of the lower cam assembly, a 
plurality of lower expansion cone segments interleaved with cam arms of the lower cam 
assembly, each lower expansion cone segment pivotally coupled to the lower tubular 
support member and mating with the indined surface of a corresponding one of the 
cam arms of the upper cam assembly, wherein the lower expansion cone segments 
interleave and overlap the upper expansion cone segments, and wherein ttie upper 
arKl lower expansion cone segments together define an arcuate spherical external 
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surface for plastically deforming and radially expanding the expandable tubular 
member. 

According to another aspect of the present invention, a collapsible expansion cone 

5 assembly is pro>dded that includes an upper tubular support member comprising an 
Internal flange, an upper cam assembly coupled to the upper tubular support member 
comprising: a tubular base coupled to the upper support member, and a plurality of 
cam atvns extending from the tubular base in a downward longitudinal diredim, each 
cam arm defining an inclined surface, a plurality of upper expansion cone segments 

10 interleaved with the cam arms of the upper cam assembly and pivotally coupled to the 
internal flange of the upper tubular support member, a lower tubular support member 
comprising an internal flange, one or more frangible couplings for releasably coupling 
the upper and lower tubular support members, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 

15 support member, and a plurality of cam anns extending from the tubular base in an 
upward longitudinal direction, each cam arm defining an inclined surface that mates 
with the inclined surface of a corresponding one of the upper expar^lon cone 
segments, wherein the cams anms of the upper cam assembly are interteaved with and 
overlap the cam amis of the lower cam assembly, and a plurality of lower expansion 

20 cone segments interieaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the internal flange of the lower tubular 
support member and mating with the inclined surface of a corresponding one of the 
cam anms of the upper cam assembly, wherein the lower expansion cone segments 
interleave and overlap the upper expansion cone segments, and wherein the upper 

25 and lower expansion cone segments together define an arcuate spherical external 
surfoce for plastically deforming and radially expanding the expandable tubular 
member. 

According to another aspect of the present invention, an apparatus for radially 
30 expanding and plastically deforming an expandable tubular member is provided that 
includes a tubular support member, a collapsible expansion cone coupled to the tubular 
support member, an expandable tubular member coupled to the collapsible expansion 
cone, means for displacing the collapsible expansion cone relative to the expandable 
tubular member, and means for collapsing the expansion cone. 

5 



According to another aspect of the present invention, a collapsible expansion cone is 
provided that Includes an upper cam assemt)ly comprising: a tubular base, and a 
plurality of cam arms extending from the tubular base in a downward longitudinal 

5 direction, each cam ami defining an inclined surface, a pluralify of upper expansion 
cone segments Interleaved with the cam amis of the upper cam assembly, a lower cam 
assembly comprising: a tubular base, and a plurality of cam earns extending from the 
tubular base In an upward longitudinal direction, each cam arm defining an inclined 
surface that mates with the IncTined surface of a con^ponding one of the upper 

10 expansion cone segments, wherein the cams amis of the upper cam assembly are 
interieaved with and overlap the cam amns of the lower cam assembly, a plurality of 
lower expansion cone segments interleaved with cam arms of the lower cam assembly, 
each lower expansion cone segment mating with the inclined surface of a 
corresponding one of the cam amns of the upper cam assembly, means for moving the 

15 upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 

According to another aspect of the Invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member is provided that Includes a tubular 
20 support member, a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing ttie coHapsOile expansion cone relative lo the expandable tubular member, 
and means for collapsing the expansion cone. 

25 According to another aspect of the invention, a collapsible expansion cone Is provided 
that Includes an upper cam assembly comprising: a tubular base, and a plurality of cam 
arms extending from the tubular base In a downwanJ longitudinal diredton, each cam 
arm defining an inclined surface, a plurality of upper expansion cone segments 
Interieaved with the cam anns of the upper cam assembly, a lower cam assembly 

30 comprising: a tubular base, and a plurality of cam amns extending from the tubular base 
in an upvi«rd longitudinal direction, each cam arm defining an Inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interieaved with and 
overiap the cam amis of the lower cam assembly, a plurality of lower expansion cone 
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segments interleaved with cam anns of the lower cam assembly, each lower expansion 
cone segment mating with the incfined surface of a corresponding one of the cam arms 
of the upper cam assembly, means for moving the upper cam assembly away from the 
lower expansion cone segments, and means for moving the lower cam assembly away 
5 fiTom the upper expansion cone segments. 

According to another aspect of the Invention, a method of radially expanding and 
plastically defbmilng an expandable tubular member Is provided that Includes 
supporting the expandable tubular member using a tubular support member and a 
collapsible expansion cone, injecting a fluidic material Into the tubular support member, 
sensing the operating pressure of ttie injected fluidic material wittiin a first interior 
portion of ttie tubular support member, displacing tiie collapsible expansion cone 
relative to tiie expandable tubular member when tiie sensed operating pressure of the 
injected fluidic material exceeds a predetemiined level wijhin tiie first interior portion of 
ttie tubular support member, sensing the operating pressure of tiie injected fluidic 
material within a second interior portion of tiie tubular support member, and collapsing 
ttie coilapsibte expansion cone when ttie sensed operating pressure of tiie injected 
fluidic material exceeds a predetemnined level wittiin tiie second interior portion of the 
tubular support member. 

20 

Brief Description of ttie Drawings 
Rg. la is a fragmentary cross^onal Illustration of the placement of a portion of an 
exemplary embodiment of an apparatus for radially expanding and plastically 
defbmiing a tubular member ttiat Includes a collapsible expansion cone wittiin a 
25 preexisting structure. 

Fig. 1b is a fragmentary cross-sectional Illustration of anoflier portion of the apparatus 
of Fig, la. 

30 Rgs. 2a and 2b are fragmentary cross-sectional Illustration of a portion of the 
apparatus of Figs, la and lb. 

Fig. 3 is a fragmentary cross-sectional illustration of a portion of tiie apparatus of Figs, 
la and lb. 



Fig. 3a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
3. 

Pig. 3b is a fragmentary cross-secQonal illustration of a portion of the apparatus of Fig 
3. 

Fig. 4 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs, 
la and lb. 

Fig. 4d is a fragmentary cross-sectional Illustration of a portion of the apparatus of Fig 
4. 

Fig. 5 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs, 
la and lb. 

Rg. 6 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs, 
la and lb. 

Figs. 7a-7e are fragmentary cross-secQonal and perspective illustrations of the upper 
cam assenr^ly of the apparatus of Figs, la and lb. 

Rg. 7f is a fragmentary cross-sectional illustration of the lower cam assembly of the 
apparatus of Figs, la and lb. 

Figs. 8d-8d are fragnientary cross-sectional and perspective illustrations of one of the 
upper cone segments of the apparatus of Figs, la and 1b. 

Rg. 8e is a fragmentary cross-sectional illustration of one of the lower cone segments 
of the apparatus of Rgs. la and lb. 

Fig. 9 is a side view of a portion of the apparatus of Rgs. 1a and lb. 
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Fig. 10a is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs, la and lb during the radial expansion of the expandable tubular member. 

Rg. 10b Is a fragmentary cross sectional Illustration of another portion of the apparatus 
5 of Fig. 10a. 

Rg. 11a. Is a fragnnentary cross secSonal Illustration of a portion of the apparatus of 
Rgs. 10a and 10b during the adjustment of the expansion cone to a collapsed position. 

10 Fig. 1 lb is a fragmentary cross sectional illustration of another portion of the apparatus 
of Rg. 11a. 

Fig. 12 Is a fragmentary cross sectional Illustration of a portion of the apparatus of Rgs. 
11a and lib. 

15 

Fig. 1 3 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs. 
11a and lib. 

FIG. 14 is a fragntentary cross sectional illustration of a portion of the apparatus of 
20 Figs. 1 1 a and 1 1 b with the expanston cone in a half collapsed position. 

FIG. 15 is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 11a and 11b with the expansion cone in a fully collapsed position. 

25 Fig. 1 6 Is a side view of a portion of the apparatus of Rgs, 1 0a and 1 0b. 

Rg. 17a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
Rgs. 11a and 11b atter the removal of the apparatus from Interior of the expandable 
tubular member. 

30 

Rg. 17b is a fragmentary cross sectional Illustration of another portion of the apparatus 
of Fig. 17a. 
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Detailed Description of the Illustrative Embodiments 
Referring to Rgs. la. 1b, 2a, 2b. 3, 3a. 4. 4a. 5, 6, 7a. 7b, 7c, 7d. 7e, 7f, 8a. 8b. 8c, 8d. 
Be, and 9, an exemplary embodiment of an apparatus 10 for radially expanding and 
plastically deforming a tubular member includes a tubular support member 12 that 
defines a passage 12a. An end of the tubular support memt>er 12 is coupled to an end 
of a safety collar 14 that defines a passage 14a, a recess 14b at one end for receiving 
the end of the tubular support member, and recesses 14c and 14d at another end. 

A torque plate 16 is received within and Is coupled to the recess 14c of the safety collar 
14 that defines a passage 16a and a plurality of meshing teeth 16b at one end. An end 
of an upper mandrel collar 18 is received with and is coupled to the recess 14d of the 
safety collar 14 proximate and end of the torque plate 16 that defines a passage 18a. 
Torque pins 20a and 20b further couple the end of the upper mandrel collar 18 to the 
end of the safety collar 14. 

An end of an upper mandrel 22 Is received within and is coupled to the upper mandrel 
collar 18 that defines a passage 22d. a plurality of meshing teeth 22b that mate with 
and transmit torque to and from the meshing teeth 16b of the torque plate 16, and an 
external flange 22c at another end. 

An upper packer cup 24 mates with, receives and is coupled to the upper mandrel 22 
proximate the end of the upper mandrel collar 18. In an exemplary embodiment, the 
upper packer cup 24 is a Guiberson'^ packer cup. An upper spacer sleeve 26 mates 
with, receives, and is coupled to the upper mandrel 22 proximate an end of the upper 
packer cup 24. A lower packer cup 28 mates with, reoehres and is coupled to the 
upper mandrel 22 proximate an end of the upper spacer sleeve 26. In an exemplary 
embodiment, the lower packer cup 28 is a Guiberson™ packer cup. A lower spacer 
sleeve 30 mates with, receives, and is coupled to the upper mandrel 22 proximate an 
end of the lower padcer cup 28 and the extemal flange 22c of the upper mandrel. A 
retaining sleeve 32 mates with, receives, and Is coupled to an end of the tower spacer 
sleeve proximate the extemal flange 22c of the upper mandrel 22. 
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An end of a lower mandrel 34 defines a recess 34a that mates with, receives, and is 
coupled to the external flange 22c of the upper mandrel 22, a recess 34b that mates 
with, receives, and is coupled to the end of the upper mandrel, a passage 34c, and an 
external flange 34d Including drcumferenfially spaced apart meshing teeth 34da on an 
end face of the external flange. Torque pins 36a and 36b further couple the recess 
34a of the end of the lower mandrel 34 to the external flange 22c of the upper mandrel 
22. During operation, the torque pins 36a and 36b transmit torque loads between the 
recess 34a of the end of the lower mandrel 34 and ttie external flange 22c of the upper 
mandrel 22. 

An upper cam assembly 38 Includes a tubular base 3ea for receiving and mating with 
the lower mandrel 34 that includes an external flange 38aa. a plurality of 
drcumferentially spaced apart mesMng teeth 38b that extend from one end of the 
tubular base In the longitudinal and radial directions for engaging the meshing teeth 
34da of the end face of the external flange 34d of the lower mandrel, and a plurafity of 
drcumferentially spaced apart cam amis 38c that extend from the other end of the 
tubular base in the opposite longitudinal direction and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the end face of the external 
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of 
the upper cam assembly 38. Each of the cam amns 38c indude an inner portion 38ca 
extending from the tubular base 38a that has arcuate cylindrical Inner and outer 
surfaces, 38caa and 38cab, a tapered intermediate portion 38cb extending from the 
Inner portion that has an arcuate cylindrical inner surface 38cba and an arcuate conical 
outer surfece 38cbb. and an outer portion 38cc extending from the intemiediate portion 
that has arcuate cylindrical Inner and outer surfeces, 38cca and 38ccb. In an 
e}«mplary embodiment, the radius of curvatures of the arcuate outer cylindrical 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of cuivatures of the arcuate 
inner q^indrical surfaces, 38caa, 38cba. and 38cca are equal. 

A lower cam assembly 40 indudes a tubular base 40a for receiving and mating vinth the 
lower mandrel 34 that indudes an ^eternal flange 40aa. a plurality of drcumferentially 
spaced apart meshing teeth 40b that extend fi-om one end of ttie tubular base In the 
longitudinal and radial directions, and a plurality of drcumferentially spaced apart cam 
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arms 40c that extend from the other end of the tubular base in the opposite longitudinal 
direction and mate with and receive the lower mandrel. Each of the cam arms 40c 
indude an inner portion 40ca extending from the tubular base 40a that has arcuate 
cylindrical inner and outer surfaces, 40caa and 40cab, a tapered intennediate portion 

5 40cb extending from the inner portion 40ca that has an arcuate cylindrical inner surface 
40cba and an arcuate conical outer surface 40cbb, and an outer portion 40cc 
extending from the lntem)ediate portion that has arcuate cylindrical inner and outer 
surfaces, 40cca and 40cd). In an exemplary embodiment, the radius of curvatures of 
the arcuate outer cylindrical surfaces 40cab are greater than the radius of curvatures 

10 the arcuate outer cylindrical surfaces 40ccb. In an exemplary embodiment, the radius 
of cun»tures of the arcuate Inner cyOndrical surfaces. 40caa. 40cba, and 40cca are 
equal. In an exemplary embodiment, the upper and lower cam assemblies. 38 and 40. 
are substantially Identical. In an exemplary embodinrient, the cam am» 38c of the 
upper cam assembly 38 Interleave the cam amis 40c of the lower cam assembly 40. 

15 Furthemrtore. In an exemplary embodiment, the cam arms 38c of the upper cam 
assembly also overlap with the cam amis 40c of the lower cam assembly 40 in the 
longitudinal direction thereby permitting torque loads to be transmitted between the 
upper and lower cam assembHes. 

20 An end of an upper retaining sleeve 42 receives and Is threadably coupled to the 
extemal flange 34d of the lower mandrel 34 that defines a passage 42a for receiving 
and mating with the outer circumferential surfaces of the extemal flange 38aa and the 
meshing teeth 38b of the upper cam assembly 38, and an inner annular recess 42b. 
and Includes an intemal flange 42c for retaining the extemal flange 38aa of the upper 

25 cam assembly, and an intemal flange 42d at one end of the upper retaining sleeve that 
Includes a rounded Interior end face. An o-ring seal 44 is received within the annular 
recess 42b for sealing the Interface between the upper retaining sleeve 42 and the 
extemal flange 34d of the lower mandrel 34. A disc shaped shim 43 is positioned 
wHhln the upper retaining sleeve 42 between the opposing end faces of the intemal 

30 flange 42c of the retaining sleeve and the meshing teeth 38b of the upper cam 
assembly 38. 



A plurality of upper «(pansion cone segments 44 are interieaved among the cam arms 
38c of the upper cam assembly 38. Each of the upper expansion cone segments 44 
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Include inner portions 44a having arcuate cylindrical inner surfaces, 44aaa and 44aab, 
and an arcuate cylindrical outer surface 44ab, Intermediate portions 44b extending 
from the interior portions that have an arcuate conical inner surface 44ba and arcuate 
cylindrical and spherical outer surfaces, 44bba and 44bbb, and outer portions 44c 
5 having arcuate cylindrical inner and outer surfaces, 44ca and 44cb. In an exemplary 
embodiment, the outer surfaces 44ab of the inner portions 44a of the upper expansion 
cone segments define hinge grooves 44at)a that receive and are pivotally mounted 
upon the internal flange 42d of the upper retaining sleeve 42. 

10 The arcuate inner cylindrical surfaces 44aaa mate with and receWe the lower mandrel 
34, the arcuate inner cylindrical surfaces 44aab mate with and receive the arcuate 
cylindrical outer surfaces 40ccb of the outer portions 40cc of the comesponding cam 
anvB 40c of the lower cam assembly 40, and the arcuate inner conical sur^ces 44ba 
mate with arKi receive the arcuate conical outer surfaces 40cbb of the intermediate 

1 5 portions 40cb of the corresponding cam amis of the lower cam assemt>ly. 

In an exemplary embodiment, the radius of curvature of the arcuate cylindrical Inner 
surface 44aaa is less than the radius of curvature of the arcuate cylindrical inner 
surface 44aab. In an exemplary embodiment, the radius of curvature of ttie arcuate 

20 cylindrical inner surface 44ca is greater than the radius of curvature of the arcuate 
cyfindrical sur^ice 44aab. In an exemplary embodiment, the arcuate cylindrical inner 
surfaces, 44aaa and 44aab, are parallel In an exemplary embodiment, the arcuate 
cylindrical outer surface 44ab is inclined relative to the arcuate cylindrical inner surfece 
44aaa. In an exemplary emi^odiment, the arcuate cylindrical outer surface AAhba is 

25 parallel to the arcuate cylindrical inner surfoces, 44aaa and 44aab. In an exemplary 
embodiment, the arcuate cylindrical outer surface 44cb is inclined relative to the 
arcuate (^indrical inner surface 44ca. 

A plurality of lower expansion cone segments 46 are interteaved among, and overtap, 
30 the upper expansion cone segments 44 and the cam arms 38c of the lower cam 
assembly 38. In friis manner, torque loads may be transmitted between the upper and 
lower expansion cone segments, 44 and 46. Each of the lower expansion cone 
segments 46 include Inner portions 46a having arcuate cylindrical inner surfaces, 
46aaa and 46aab, and an arcuate cylindrical outer surface 46ab, intermediate portions 
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46b extending from the Interior portions that have an arcuate conical inner surface 
46ba and arcuate cylindrical and spherical outer surfaces, 46bba and 46bbb, and outer 
portions 46c having arcuate cylindrical inner and outer surfaces, 46ca and 46cb. In an 
exemplary embodiment, the outer surfaces 46db of the inner portions 46a of the upper 
5 expansion cone segments 46 define hinge grooves 46aba. 

The arcuate Inner cylindrical surfaces 46aaa mate with and receive the lower mandrel 
34. the arcuate Inner cylindrical surfaces 46aab mate with and receive the arcuate 
cylindrical outer surfaces 38ccb of the outer portions 38cc of the conresponding cam 
10 arms 38c of the upper cam assembly 38, and the arcuate Inner conical surfaces 46ba 
mate with and receive the arcuate conical outer surfaces 38cbb of the intermediate 
portions 38cb of the corresponding cam arms of the lower cam assembly. 

In an exemplary embodiment, the radius of curvature of the arcuate cylindrical inner 
15 surfiace 46aaa is less than the radius of curvature of the arcuate cylindrical inner 
surface 46aab. In an exemplary embodiment, the radius of curvature of the arcuate 
cylindrical inner surface 46ca is greater than the radius of curvature of the arcuate 
cylindrical surfece 46aab. In an exemplary embodiment, the arcuate cylindrical inner 
surfaces. 46aaa and 46aab, are parallel. In an exemplary embodiment, the arcuate 
20 cylindrical outer surface 46ab is inclined relative to the arcuate cylindrical inner surface 
46aaa. In an e)^mplary embodiment, the arcuate cylindrical outer surface 46bba is 
parallel to the arcuate cylindrical Inner surfaces, 46aaa and 46aab. In an exemplary 
embodiment, the arcuate cylindrical outer surface 46cb Is inclined relative to the 
arcuate cylindrical inner surface 46ca. 

25 

In an exemplary embodiment, the geometries of the upper and lower expansion cone 
segments 44 and 46 are substantially identical In an exemplary embodiment, the 
upper expansion cone segments 44 are tapered in the longitudinal direction from the 
ends of the intermediate portions 44b to the ends of the outer portions 44c, and the 
30 lower expansion cone segments 46 are tapered in the longitudinal direction from the 
ends of the intermediate portions 46b to Uie ends of the outer portions 46c. In an 
exemplary embodiment, when the upper and lower expansion segments, 44 and 46, 
are positioned in a fully expanded position, the arcuate cylindrical outer surfaces, 
44bt>a and 46cb, of the upper and lower expansion cone segments define a contiguous 

14 



cylindrical surface, the arcuate spherical outer surfaces, 44bbb and 46bbb, of the upper 
and lower expansion cone segments define an contiguous arcuate spherical surface, 
and the arcuate cylindrical outer surfaces, 44cb and 46bba, of the upper and lower 
expansion cone segments define a contiguous cylindrical surface. 

5 

An end of a lower retaining sleeve 48 defines a passage 48a for receiving and mating 
with the outer circumferential surfaces of ttia external flange 40aa and the meshing 
teeth 40b of the lower cam assembly 40, and an inner annular recess 48b, and 
includes an internal flange 48c for retaining the external flange of the lower cam 

10 assembly, and an internal flange 48d at one end of the lower retaining sleeve that 
includes a rounded interior end face for mating with the hinge grooves 46 aba of the 
tower expansion cone segments 46 thereby pivotally coupling the lower expansion 
cone segments to the lower retaining sleeve. An o-ring seal 50 is received within the 
annular recess 48b. A disc shaped shim 49 is positioned within the lower retaining 

15 sleeve 48 between the opposing end faces of the internal flange 48c of the retaining 
sleeve and the extemal flange 40aa of the tower cam assembly 40. 

In an exemplary embodiment, the arcuate cylindrical outer surfaces 44bba of the upper 
expanston cone segments 44 and the arcuate cylindrical outer surfaces 46cb of the 
20 lower expansion cone segments 46 are aligned with the outer surface of the upper 
retaining sleeve 42. In an exemplary embodiment, the arcuate cylindrical outer 
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical 
outer surfaces 46 bba of the lower expansion cone segments are aligned with the outer 
surface of the lower retaining sleeve 48. 

25 

An end of a float shoe adaptor 50 that includes a plurality of drcunnferentially spaced 
apart meshing teeth 50a for engaging the meshing teeth 40b of the tower cam 
assembly 40 is received within and threadably coupled to an end of the lower retaining 
sleeve 48 that defines a passage 50b at one end for receiving an end of the lower 
30 mandrel 34, a passage 50c having a reduced inside diameter at another end, a plurality 
of radial passages 50d at the other end. and includes an internal flange 50e, and a 
torsional coupling 50f at the other end that includes a plurality of torsional coupling 
memt>ers 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40 
transmit toque loads to and from the meshing teeth 50a of the float shoe adaptor. 
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An end of a retaining sleeve 52 abuts the end face of the tubular base 40a of the lower 
cam assembly 40 and is received within and mates with the passage 50b of the float 
shoe adaptor 50 that defines a passage 52a for receiving an end of the lower mandrel 
5 34, a throat passage 52b including a ball valve seat 52c. and includes a flange 52d. 
and another end of the retaining sleeve, having a reduced outside diameter, is received 
within and mates with the passage 50c of the float shoe adaptor 50, 

A stop nut 54 receives and is threadably coupled to the end tif the lower mandrel 34 
1 0 within the passage 52a of the retaining sleeve 52, and shear pins 56 releasably couple 
the stop nut 54 to the retaining sleeve 52. Locking dogs 58 are positioned within an 
end of the retaining sleeve 52 that receive and are releasably coupled to the lower 
mandrel 34, and a disc shaped adjustment shim 60 receives the lower mandrel 34 and 
Is positioned within an end of the retaining sleeve 52 between the opposing ends of the 
15 tubular base 40a of the upper cam assembly 40 and the locking dogs 58. Burst discs 
62 are releasably coupled to and positioned within the radial passages 50d of the ftoat 
shoe adaptor 50. 

An end of a ftoat shoe 64 mates with and Is releasably coupled to fhe torsional coupling 
20 membere 50fa of the torsional coufding 50f of 0ie float shoe SKlaptor 50 that defines a 
passage 64a and a valveable passage 64b. In this manner torstonal toads may be 
transmitted between the float shoe adaptor 50 and the float shoe 64. An end of an 
expandable tubular member 66 that surrounds the tubular support member 12. the 
safety collar 14, the upper mandrel collar 18, the upper packer cup 24, the tower 
25 packer cup 28, the lower mandrel 34. the upper expansion cone segments 44. the 
tower expansion cone segments 46. and the float shoe adaptor 50, is coupled to and 
receives an end of the float shoe 64 and is movably coupled to and supported by the 
arcuate spherical external surfaces. 44bbb and 46bbb. of the upper and lower 
expanskm cone segments. 44 and 46. 

30 

During operation, as illustrated in Figs, la and lb. the apparatus 10 is at least partially 
positioned within a preexisting stmcture such as. for example, a borehole 100 that 
traverses a subterranean fomnatton that may include a preexisting wellbore casing 102. 
The borehole 100 may be oriented in any position, for example, from vertical to 
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horizontal. A fluidic material 104 is then injected into the apparatus 10 through the 
passages 12a, 14a, 22a, 34c, 50c, 64a. and 64b into the annulus between the 
expandable tubular member 66 and the borehole 100. In an exemplary embodiment, 
the fluidIc material 104 is a hardenable fluidic seafing material. In this manner, an 
5 annular sealing layer may be fonned within the annulus between the expandable 
tubular member 66 and the borehole 100. 

As inustrated in Figs. 10a and 10b, a baH 106 is then be positioned within and blocking 
the valveabie passage 64b of the float shoe 64 by injecting a fluidic material 108 Into 

10 the apparatus 10 through the passages 12a, 14a. 22a. 34c and 50c. As a result, the 
Increased operating pressure within the passage 50c bursts open the burst discs 62 
positioned within the radial passages 50d of the float shoe adaptor 50. The continued 
injection of the fluidic material 108 thereby pressurizes the interior of the expandable 
tubular member 66 below the lower padcer cup 28 thereby displacing the upper and 

15 lower expansion cone segments, 44 and 46. upwardly relative to the float shoe 64 and 
the expandable tubular member 66. As a result, the expandable tubular member 66 is 
plastically deformed and radially expanded. Thus, the buret discs 62 sense the 
operating pressure of the injected fluidic material 108 within the passage 50c and 
thereby control the initiation of the radial expansion and plastic deformation of the 

20 expandable tubular member 66. 

In an exemplary embodiment, any leakage of the pressurized fluidic material 108 past 
the lower packer cup 28 is captured and sealed against further leakage by the upper 
packer cup 24. In this manner, the tower packer cup 28 provkles the primary fluidic 

25 seal against the Interior surface of the expandable tubular member 66. and the upper 
packer cup 24 provkies a secondary, back-up. fluidic seal against the interior surface of 
the expandable tubular member. Furthermore, because the lower packer cup 28 
and/or the upper packer cup 24 provide a fluid tight seal against the interior surface of 
the expandable tubular member 66, the upper and tower expansion cone segments, 44 

30 and 46. are pulled upwardly Uirough the expandable tubular member by the axial 
forces created by the packer cups. 

In an exemplary embodiment, during the radial expansion process, the interfece 
between the arcuate spherical external surfaces. 44bbb and 46bbb. of the upper and 
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lower expanston cone segments, 44 and 46, and the interior surface of the expandable 
tubular member 66 is not fluid tight As a result, the fluidlc material 108 may provide 
lubrication to ttie entire extent of the Interface between the cylindrical external surfaces, 
44bba and 46cb, and the arcuate spherical external surfaces, 44bbb and 46bbb, of the 

5 upper and lower expansion cone segments, 44 and 46, and the Interior surface of the 
expandable tubular member 66. Moreover, experimental test results have Indicated 
the unexpected result that the required operating pressure of the fluidic material 108 for 
radial expansion of the expandable tubular member 66 is less when the interface 
between the cylindrical extemat surfaces, 44bba and 46cb, and ttie arcuate spherical 

10 extemal surfaces, 44bbb and 46bbb, of the upper and lower expansion cone segments, 
44 and 46, and the Interior surface of the expandable tubular member 66 is not fluid 
tight Furthemnore, experimental test results have also demonstrated that the arcuate 
spherical extemal surface provided by the arcuate spherical extemal surfaces. 44bbb 
and 46bbb, of the upper and lower expanston cone segments, 44 and 46. pn^vides 

15 radial expansion and plastic defonmation of the expandable tubular member 66 using 
lower operating pressures versus an expansion cone having a conical outer surface. 

In an exemplary embodiment, as Illustrated In Figs. 11a, lib, 12. 13, 14, 15. and 16, 
the upper and lower expansion cone segments, 44 and 46, may then be adjusted to a 

20 collapsed position by pladng a ball 110 within the ball valve seat 52c of the throat 
passage 52b of the retaining sleeve 52. The continued Injection of the fluidic material 
108, after the placement of the ball 110 within the ball valve seat 52c, creates a 
differential pressure across the ball 1 10 thereby apf^ng a downward longitudinal force 
onto the retaining sleeve 52 thereby shearing the shear pins 56. As a result, the 

25 retaining sleeve 52 is displaced In the downward longitudinal direction relative to the 
float shoe adaptor 50 thereby pemnltting the locking dogs 58 to be displaced outwardly 
in the radial direchon. The outward radial displacement of the locking dogs 58 
disengages the locking dogs from engagement with the lower mandrel 34. Thus, the 
shear pins 56 sense the operating pressure of the injected fluidic material 108 within 

30 the throat passage 52b and thereby controUing the initiatu^n of the collapsing of the 
upper and lower expanston cone segments, 44 and 46. 

The continued injection of the fluidic material 108 continues to displace the retaining 
sleeve 52 in the downward longitudinal direction relative to the float shoe adaptor 50 
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until the external flange 52d of the retaining sleeve 52 Impacts, and applies a 
downward longitudinal force to. the Internal flange 50e of the float shoe adaptor. As a 
result, the float shoe adaptor 50 is then also displaced in the downward longitudinal 
direction relative to the lower mandrel 34. The downward longitudinal displacement of 
the float shoe adaptor 50 relative to the lower mandrel 34 causes the lower cam 
assembly 40. the lower expansion cone segments 46. and the lower retaining sleeve 
48, which are rigidly attached to the float shoe adaptor, to also be displaced 
downwardly in the longitudinal direction relative to the lower mandrel 34, the upper cam 
assembly 38. and the upper expansion cone segments 44. 



The downward longitudinal displacement of the lower cam assembly 40 relative to the 
upper expansion cone segments 44 causes the upper expansion cone segments to 
slide off of the conical external surfaces 40cbb of the lower cam assembly and thereby 
pivot inwardly in the radial direction alxjut the internal flar^e 42d of the upper retaining 
15 sleeve 42. The downward longitudinal displacement of the lower expansion cone 
segments 46 relative to the upper cam assembly 38 causes the lower expansion cone 
segments 46 to slide off of the external conical surfaces 38cbb of the upper cam 
assembly and thereby pivot inwardly in the radial direction about the Internal flange 48d 
of the lower retaining sleeve. As a result of the inward radial movement of the upper 
and lower expansion cone segments. 44 and 46. the arcuate external spherical 
surfaces. 44bbb and 46bbb. of the upper and lower expansion cone segments. 44 and 
46, no longer provide a substantially contiguous outer arcuate spherical surface. 

The downward longitudinal movement of the retaining sleeve 42 and float shoe adaptor 
25 50 relative to the lower mandrel 34 is stopped when the stop nut 54 Impacts the locking 
dogs 58. At this point, as illustrated In Figs. 17a and 17b. the apparatus 10 may then 
be removed from the interior of the expandable tubular member 66. 

Thus, the apparatus 10 may be removed from the expandable tubular member 66 prior 
30 to the complete radial expansion and plastic defbnnation of the expandable tubular 
member by contrdiably collapsing the upper and lower expansion cone segments. 44 
and 46. As a result, the apparatus 10 provides the following benefits: (1) the apparatus 
Is removable when expansion problems are encountered; (2) lower expansion forces 
are required because the portion of the expandable tubular member 66 between the 
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packer cups, 24 and 28, and the expansion cone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can be run down 
through the expandable tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

In several alternative embodiments, resilient members such as, for example, spring 
elements are coupled to the upper and lower expansion cone segments. 44 and 46, for 
reslliently biasing the expansion cone segments towards the expanded or collapsed 
position. 

In several alternative embodiments, the placement of the upper and lower expansion 
cone segn>ents. 44 and 46, In an expanded or collapsed position is reversible as 
disclosed in PCT patent application serial no, PCT / / attorney docket no. 

25791.88.02, filed on , the disclosure of which Is incorporated herein by 

reference. 

In several alternative embodiments, a small gap is provWed between the upper and 
lower expansion cone segments, 44 and 46, when positioned In the expanded 
condition that varies from about .005 to .030 indies. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exterior surface of the upper 
tubular support member for seafing an interface between the upper tubular support 
member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprising: a tubular base ooupled to the upper tubular 
support member, and a plurality of cam anus extending from the tubular base In a 
downward longitudinal direction, each cam anm defining an Inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam amis of the upper cam 
assembly and pivotally coupled to the tubular support member, a lower tubular support 
member defining a second passage fluididy coupled to the first passage releasabty 
coupled to the upper tubular support member, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 
support member, and a plurality of cam arms extending from the tubular base in an 
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upward longitudinal direction, each cam arm defining an inclined surface that mates 
with the inclined surface of a comesisonding one of the upper expansion cone 
segments, wherein the cams ams of the upper cam assembly are interleaved with and 
overiap the cam anns of the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam anns of the lower cam assembly, each tower 
expansion cone segment pivotally coupled to the lower tubular support member and 
mating with the inclined surface of a conresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments interleave and overlap the 
upper expansion cone segments, and wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface for plastically 
defomjing and radially expanding the expandable tubular member. In an exemplary 
embodiment, the upper tubular support member includes: a safety collar, a torque plate 
coupled to the safety collar including a plurality of ctrcumfeientiaily spaced apart 
meshing teeth at an end. an upper mandrel including a plurality of drcumfeientially 
spaced apart meshing teeth at one end for engaging the meshing teeth of the torque 
plate and an extemal flange at another end. and a lower mandrel coupled to the 
external flange of the upper mandrel Including an extemal flange Including a plurality of 
circumferentially spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly includes a piurafity of circumferentially spaced 
apart meshing teeth for engaging the meshing teeth of the external flange of the lower 
mandrel. In an exemplary embodiment, the apparatus further includes a stop nut 
coupled to an end of the lower mandrel for limiting the movement of the lower tubular 
member relative to the lower mandrel. In an exemplary embodiment, the apparatus 
further includes locking dogs coupled to the lower mandrel. In an exemplary 
embodiment, the lower tubular support member includes: a float shoe adapter including 
a phiraHty of circumferentially spaced apart meshing teeth at one end. an internal 
flange, and a torsional coupling at another end. a iQwer retaining sleeve coupled to an 
end of the float shoe adapter Including an intemal flange for pivotally engaging the 
lower expansion cone segments, and a retaining sleeve received within the float shoe 
adapter releasably coupled to the upper tubular support member. In an exemplary 
embodiment, an end of the retaining sleeve abuts an end of the tubular base of the 
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly includes a plurality of circumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the float shoe adaptor, in an exemplary embodiment. 
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the apparatus further Includes a float shoe releasably coupled to the torsional coupling 
of the float shoe adaptor, and an expandable tubular niember coupled to the float shoe 
and supported by and movably coupled to the upper and lower expansion cone 
segments. In an exemplary embodiment, the apparatus further includes: one or wore 

5 shear pins coupled between the upper tubular support member and the lower tubular 
support member. In an exemplary embodiment, the apparatus further Includes: a stop 
member coupled to the upper tubular support member for limiting movement of the 
upper tubular support member relative to the lower tubular support member. In an 
exemplary embodiment, the apparatus further includes: a float shoe releasably coupled 

to to the lower tubular support member that defines a valveable passage, and an 
expandable tubular member coupled to the float shoe and supported by and movably 
coupled to the upper and lower expansion cone segments. In an exemplary 
embodiment, each upper expansion cone segment Includes: an Inner portion defining 
an arcuate cylindrical upper surface including a hinge groove for pivotally coupling the 

15 upper expansion cone segment to the upper tubular support member and arcuate 
cylindrical lower surfaces, an Intenmedlate portion defining arcuate cylindrical and 
spherical upper surfaces and an arcuate conical lower surface, and an outer portion 
defining arcuate cylindrical upper and lower surfaces, and wherein each lower 
expansion cone segment Includes: an inner portion defining an arcxiate cylindrical 

20 upper surface Including a hinge groove for pivotally coupling the lower expansion cone 
segment to the lower tubular support member and arcuate cylindrical lower surfaces, 
an Intermediate portion defining arcuate cylindrical and spherical upper surfaces and 
an arcuate conical lower surface, and an outer portion defining arcuate cylindrical 
upper and lower surfaces. In an exemplary embodiment, each upper expansion cone 

25 segment is tapered in the longitudinal direction from the intermediate portion to the 
outer portion; and wherein each lower expansion cone segment is tapered in the 
longitudtnal direction from the intemiediate portion to the outer portion. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
30 member has also been described that includes a safety collar, a torque plate coupled 
to the safety collar including a plurality of circumferentially spaced apart meshing teeth 
at an end, an upper mandrel including a plurality of circumferentially spaced apart 
meshing teeth at one end for engaging Uie meshing teetti of the torque plate and an 
external flange at anottier end, a lower mandrel coupled to the extemal flange of ttie 
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upper mandrel Including an external flange Including a plurality of drcumferentially 
spaced apart meshing teeth, a stop nut coupled to an end of the lower mandrel, an 
upper retaining sleeve coupled to the lower mandrel including an Intemal flange, one or 
more cup seals coupled to the upper mandrel for sealing an interface between the 
5 upper mandrel and the expandable tubular member, an upper cam assembly coupled 
to the lower mandrel including: a tubular base Including a plurality of drcumferentially 
spaced apart meshing teeth for engaging the meshing teeth of the extemal flange of 
the lower mandrel, and a pluiafity of cam amis extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
10 of upper expansion cone segments interleaved with the cam amis of the upper cam 
assembly and ph^otally coupled to the intemal flange of the upper retaining sleeve, a 
float shoe adapter Including a plurality of drcumferentially spaced apart meshing teeth 
at one end, an intemal flange, and a torsional coupling at another end. a lower 
retaining sleeve coupled to an end of the float shoe adapter Induding an intemal 
15 flange, a retaining sleeve received within the float shoe adapter.* one or more shear 
pins for releasably coupling the retaining sleeve to the stop nut. a lower cam assembly 
coupled to the float shoe adapter induding: a tubular base induding a plurality of 
drcumferenbally spaced apart meshing teeth for engaging the meshing teeth of the 
float shoe adapter, and a plurality of cam amis extending frwi the tubular base in an 
20 upward tongitudinal direction, each cam ami defining an indined surface that mates 
with the indined surface of a conesponding one of the upper expansion cone 
segments, wherein the cams anms of the upper cam assembly are Interleaved with and 
overiap the cam amre of the lower cam assembly, a plurality of lower expansion cone 
segments interieaved with cam arms of the lower cam assembly, each lower expansion 
25 cone segment pivotally coupled to the intemal flange of the lower retaining sleeve and 
mating with the indined surface of a corresponding one of the cam arms of the upper 
cam assembly, a float shoe releasably coupled to the torsional coupling of the float 
shoe adaptor, and an expandable tubular member coupled to the float shoe and 
supported by and movably coupled to the upper and lower expansion cone segments, 
wherein the lower expansion cone segments Interleave and overlap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical extemal surface for plastically defonning and 
radially expanding the expandable tubular member, wherein each upper expansion 
cone segment indudes: an inner portion defining an arcuate cylindrical upper surface 
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Including a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces, an 
Intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 

5 and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cylindrical upper surface induding a hinge groove for 
pivotally coupling the lower expansion cone segment to the tower tubular support 
member and arcuate cylindrical lower surfaces, an intemnediate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface, 

10 and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the intermediate portion to tiie 
outer portion. 

15 

A collapsible expansion cone assembly has also been described tiiat includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to ttie upper tubular support member including: a tubular base coupled to the upper 
support member, and a piuraiHy of cam amis extending from the tubular base in a 

20 downward longitudinal direction, each cam am defining an indined surface, a plurality 
of upper expansion cone segments interieaved vM\ Uie cam arms of ttie upper cam 
assembly and pivotally coupled to the internal flange of ttie upper tubular support 
member, a lower tubular support member induding an internal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 

25 members, a lower cam assembly coupled to the lower tubular support member 
Induding: a tubular base coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an Indined surface that mates with the indined surface of a 
corresponding one of ttie upper expansion cone segments, wherein the cams arms of 

30 the upper cam assembly are Interieaved with and overiap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segments Interieaved with cam 
anDs of ttie lower cam assembly, each lower expansion cone segment pivotally 
coupled to the intemal flange of the lower tubular support member and mating with the 
indined surface of a corresponding one of the cam amis of the upper cam assembly, 
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wherein the lower expansion cone segments interleave and overiap the upper 
expansion cone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically defomiing and 
radially expanding the expandable tubular member. In an exemplary embodiment, 
each upper expansion cone segment Includes: an Inner portion defining an arcuate 
cynndikal upper surface Including a hinge groove for pivotally coupling the upper 
expansion cone segment to the upper tubular support member and arcuate cylindrical 
lower surfaces, an Intermediate portion defining arcuate cyBndrical arul spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces, and wherein each lower expansion cone segment 
includes: an inner portion defining an arcuate cylndrical upper surf^ Including a 
hinge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical lower surfaces, an intermediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower 
surface, and an outer portion defining arcuate cylindrical upper and lower surfaces. In 
an exemplary embodiment, each upper expansion cone segment is tapered In the 
longitudinal direction from the intennediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion. 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an intenwl flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam amrjs extending from the tubidar base in a 
downward longitudinal direction, each cam arm defining an Inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam amis of the upper cam 
assembly and pivotally coupled to the Internal flange of the upper tubular support 
member, a lower tubular support member Including an Internal flange, one or more 
frangible coupfings for leleasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
Including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam awns extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an Inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams amis of 
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the upper cam assembly are interleaved with and overlap the cam am» of the lower 
cam assembly, and a plurality of lower expanston cone segments interleaved with cam 
amis of the lower cam assembly, each lower expansion cone segment plvotatly 
coupled to the Internal flange of the lower tubular support member and mating with the 

5 inclined surface of a corresponding one of the cam anns of the upper cam assembly, 
wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically deforming and 
radially expanding the expandable tubular member, wherein each upper expansion 

10 cone segment includes: an inner portion defining an arcuate cylindrical upper surface 
Including a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces, an 
Intermediate portion defining arcuate cyfindrical and spherical upper surfaces and an 
areuate conical lower surface, and an outer portion defining arcuate cylindrical upper 

15 and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cyflndrlcal upper surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cyfindrical lower surfaces, an intermediate portion defining 
arcuate tylindrical and spherical upper surfeces and an arcuate conical lower surface, 

20 and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered In the longitudinal direction from the 
Intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the Intemiediate portion to the 
outer portion. 

25 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has also been described that includes a tubular support member, a collapsible 
expansion cone coupled to the tubular support member, an expandable tubular 
member coupled to the collapsible expansion cone, means for displacing the 
30 collapsible expansion cone relative to the expandable tubular member, and means for 
collapsing the expansion cone. In an exemplary embodiment, the tubular support 
member includes an upper tubular support member including an internal flange and a 
lower tubular support member including an internal flange, wherein the expansion cone 
includes: an upper cam assembly coupled to the upper tubular support member 
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including: a tubular base coupled to the upper support member, and a plurality of cam 
arms extending from the tubular base in a downward tongitudinal direction, each cam 
amn defining an Inclined surface, a plurality of upper expansion cone segments 
interleaved with the cam arms of the upper cam assembly and ptvotally coupled to the 

5 mtemal flange of the upper tubular support member, a lower cam assendsly coupled to 
the lower tubdar support men*er including: a ti4xjlar base coupled to the lower tid)ular 
support member, and a plurality of cam anns extending from the tubular base In an 
upwad longitudinal direction, each cam ami deflning an bidined surface that mates 
i«rtth the inclined surface of a corresponding one of the upper expansion cone 

1 0 segments, wherein the cams arms of the upper cam assembly are biterleaved with and 
overlap the cam anns of the lovi«r cam assembly, and a plurality of lower expansion 
cone segments Interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the internal flange of the lower tubular 
support member and mating vi/ith the Inclined surface of a corresponding one of the 

15 cam arms of the upper cam assembly; and wherein the apparatus further fridudes: 
means for releasably coupling the upper tubular support member to the lower tubular 
support member, and means for limiting movement of the upper tubular support 
member relative to the lower tubular support member. In an e)»mplary embodiment, 
the apparatus further includes: means for pivoting the upper expansion cone segments. 

20 and means for pivoting the lower expansion cone segments. In an exemplary 
embodiment, the apparatus further Includes: means for pulKng the collapsible 
expansion cone through the expandable tubular member. 

A collapslbie expansion cone has also been described that includes an upper cam 
25 assembly Including: a tubular base, and a plurality of cam arms extending from the 
tubular base In a downward longitudinal direction, each cam ann defining an inclined 
surface, a plurality of upper expansion cone segments faiterleaved with the cam amis of 
the upper cam assembly, a lower cam assembly including: a tubular base, and a 
plurafity of cam arms extending from the tubular base In an upward longitudinal 
30 direction, each cam ami defining an incOned surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments, wherein the 
cams amis of the upper cam assembly are interleaved vwth and overlap the cam amis 
of the lower cam assembly, a plurality of lower expansion cone segments Interleaved 
with cam arms of the lower cam assembly, each lower expansion cone segment mating 
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with the Inclined surface of a corresponding one of the cam amis of the upper cam 
assembly, means for moving the upper cam assembly away from the lower expansion 
cone segments, and means for moving the lower cam assembly away from the upper 
expansion cone segments. In an exemplary en^odiment. the upper and lower 

5 expansion cone segments together define an arcuate spherical external surface. In an 
exemplary embodiment, each upper expansion cone segment Includes: an Inner 
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an 
Intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 

10 and lower surfaces, and wherein each lower expansion cone segment Includes: an 
inner portion defining an arcuate cylindrical upper surface and arcuate cylindrical lower 
surfaces, an intennediate portion defining arcuate cylindrical and spherical upper 
surf&ces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces. In an exemplary embodiment, each upper 

15 expansion cone segment Is tapered in the longitudinal direction from the intennediate 
portion to the outer portion, and each lower expansion cone segment is tapered in the 
longitudinal direction from the intermediate portion to the outer portion. 

A method of radially expanding and plastically defomiing an expandable tubular 
20 member has also been described that Includes supporting the expandable tubular 
member using a tubular support member and a collapsible expansion cone. Injecting a 
fluidic material Into the tubular support member, sensing the operating pressure of the 
injected fluidic material within a first interior portion of the tubular support member, 
displacing the collapsible expansion cone relative to the expandable tubular member 
25 when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member, 
sensing the operating pressure of the injected fluidic material within a second Interior 
portion of the tubular support member, and collapsing the collapslbte expansion cone 
when the sensed operating pressure of the injected fluidic material exceeds a 
30 pnedetermlned level within the second interior portion of the tubular support member. 
In an exemplary embodiment, the method further includes: pulling the collapsiWe 
expansion cone through the expandable tubular member when the sensed operating 
pressure of the Injected fluidic material exceeds a predetennined level within the first 
interior portion of the tubular support member. In an exemplary embodiment, pulling 
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the collapsible expansion cone through the expandable tubular member includes: 
coupling one or more cup seals to the tubular support member above the collapsible 
expansion cone, pressuring the Interior of the expandable tubular member below the 
cup seals, and pulling the collapsible expansion cone through the expandable tubular 
member using the cup seals. In an exemplary embodiment, the tubular support 
member fndudes an upper tubular support member and a lower tubular support 
member, and wherein collapsing the collapsible expansion cone Includes displacing the 
upper tubular member relative to the lower tubular support member. In an exemplary 
embo<flment, the colUqj^ble expansion cone Includes: an upper cam assembly 
Including: a tubular base, and a plurality of cam arms extending from the tubular base 
in a downward longitudinal direction, each cam arm defining an Inclined surface, a . 
plurality of upper expansion cone segments interleaved with the cam arms of the upper 
cam assembly and pivotally coupled to the upper tubular support member, a tower cam 
assembly including: a tubular base, and a plurality of cam anms extending from the 
tubular base In an upward tongitudinai direction, each cam ami defining an inclined 
surface that mates with the inclined surface of a corresponding one of the upper 
e)q)anslon cone segments, wherein the cams anns of the upper cam assembly are 
interleaved wHh and overlap the cam arms of the lower cam assembly, and a pluraBfy 
of lower expansion cone segments interleaved with cam amw of the lower cam 
assembly, each tower expansion cone segment pivotaBy coupled to the lower tubidar 
support member and mating with the inclined surface of a corresponding one of the 
cam arms of the upper cam assembly. 

It is understood that variations may be made in the foregoing without departing from 
the scope of the invention. For example, the teachings of the present illustrative 
embodiments may be used to provide a wellbore casing, a pipeline, or a structural 
support. Furthermore, the elements and teachings of the various illustrative 
embodiments may be combined in whole or In part in some or all of the Illustrative 
embodinwnts. In addition, the expansion surfaces of the expansion cone segments 
may include any form of inclined surface or combination of Inclined surface such as, for 
example, conical, spherical, elliptical, and/or parabolic. 



Although illustrafive embodiments of the Invenfion have been shown and described, a 
wide range of modification, changes and substitution is contemplated in the foregoing 

29 



disclosure. In some instances, some features of the present Invention may be 
employed without a corresponding use of ttie other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and In a manner consistent 
with the scope of the invention. 
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Claims 



1 . A collapsible expansion cone assembly comprising: 

an upper tubular support member comprising an intemal flange; 

an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper support memben and 

a plurality of cam amis extending from ttie tubular base In a downward 
longitudinai direcQon, each cam ami defining an incKned surface; 

a pluralify of upper expansion cone segments Interieaved with the cam arms of 
the upper cam assembly and pivotally coupled to the intemal flange of the upper 
tubular support member; 

a lower tubular support member comprising an Intemal flange; 

one or more frangible couplings for reieasably coupling the upper and lower 
tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 

a plurality of cam amns extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an Inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are Interieaved with and 
overtap the cam amis of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved with cam amns of the 
tower cam assembly, each lower expansion cone segment pivotally coupled to the 
intemal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam amis of the upper cam assembly; 

wherein the lower expansion cone segments interieave and overiap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defonming and radially expanding me 
expandable tubular member. 

2. The assembly of daim 1, wherein each upper expansion cone segment 
comprises: 
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an Inner portton defining an arcuate cylindrical upper surface Including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support menit)er and arcuate cylindrical lower surfaces; 

an intennediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfeces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate (ylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

# 

3, The assembly of daim 1 , wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

4. A collapsible expansion cone assembly, comprising: 

an upper tubular support member comprising an internal flange; 
an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam arms of 
the upper cam assembly and pivotally coupled to the intemal flange of the upper 
tubular support member; 

a lower tubular support member comprising an intemal flange; 

one or more frangible couplings for releasably coupling the upper and lower 
tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 
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a tubular base coupled to the lower tubular support member, and 
a pluraBty of cam amis extending from the tubular t>ase In an upward longitudinal 
directfon, each cam arm defining an inclined surface that mates with the Inclined 
surface of a conresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are Interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a pluraBty of tower expansion cone segments interleaved with cam amis of the 
tower cam assembly, each lower expansion cone segment pivotally coupled to the 
Internal flange of the tower tubular support member and mating with the inclined 
surface of a conresponding one of the cam arms of the upper cam assembly; 

wherein the tower expansion cone segments interleave and overlap the upper 
expanston cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defonnlng and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
an inner portion defining an arcuate cyiindncal upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical tower surfaces; 

an intemiediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 
wherein each tower expansion cone segment comprises: 
an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the tower expansion cone segment to the tower tubular 
support member and arcuate cylindrical tower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate (^indrical upper and lower surfaces; 
virtierein each upper expansion cone segment is tapered In the tongitudinal 
direction from the intermediate portion to the outer portion; and 

virherein each lower expansion cone segment is tapered in the tongitudinal 
direction ftxm the intennediate portion to the outer portion. 
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5. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 
a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
tongltudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with ttie cam anus of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular t>ase;and 

a plurality of cam amns extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an indined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interieaved with and 
overiap the cam anms of the lower cam assembly; 

a plurality of lower expansion cone segments interieaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the indined 
surface of a corresponding one of the cam amns of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

6. The apparatus of daim 5, wherein the upper and lower expansion cone 
segments together define an arcuate sph^cal external surfeice. 

7. The apparatus of daim 5. wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 
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an Inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfeces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylintfrical upper and lower surfaces. 

8. The apparatus of daim 5. wherein each upper expansion cone segment is 
tapered m the longttudinai direction from the intermediate portion to the outer portion: 
and 

wherein each lower expansion cone segment Is tepered In the longitudinal 
direction from the Intemiedlate portion to the outer portion. 



9. A collapsible expanston cone assembly comprising: 

an upper tubular support member comprising an internal flange; 
an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support memben and 
a plurality of cam amis extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 
20 a plurality of upper expansion cone segments interieaved with the cam amis of 

the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
a lower cam assembly coupled to the lower tubular support member comprising: 
25 a tubular base coupled to the lower tubular support memben and 

a plurality of cam arms extending imm the tubular base In an upward tongitudinal 
direction, each cam am defining an inclined surface that mates with the Inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are Interieaved with and 
30 overiap the cam amis of the lower cam assembly; and 

a plurality of lower expanston cone segments interieaved with cam amis of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the Inclined 
surface of a corresponding one of the cam amis of the upper cam assembly; 

35 



o 

wherein the lower expansion cone segments Interleave and overlap the upper 
expansion cone segnients. 

1 0. The assembly of claim 9, wherein the upper and lower expansion cone segments 
5 together define an arcuate spherical external surface for plastically defomjing and 

radially expanding the expandable tubular member. 

11. The assembly of dalm 9, wherein eadi upper expansion cone segment 
comprises: 

10 an Inner portion defining an arcuate cylindrical upper surface including a hinge 

groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate c^indrical lower surfeces; 

an intermediate portion defining arcuate (^indrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
1 5 an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 
an inner portion defining an arcuate cylindrical upper surface Including a hinge 
groove for pivotally ooufding the lower expansion cone segment to the lower tubular 
support member and arcuate <^indrical lovi«r surfeices; 
20 an intemnediate portion defining arcuate cylindrical and spherical upper surfaces 

and an arcuate conical lower surface; and 

an outer portion defining arcuate (^indrical upper and lower surfaces. 

12. The assembly of daim 9. wherein each upper expansion cone segment Is 
25 tapered in the longitudinal direction from the Intemiediate portion to the outer portion; 

and wherein each lower expansion cone segment Is tapered in the longitudinal 
direction from the Intermediate portion to the outer portion. 
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1. An apparatus for radially expanding and plastically defonning an expandable 
tubular memt>er, compri^ng: 

5 an upper tubular siqiport member defining a first passage: 

one or more cup seals coupled to ttte exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member, 

an upper cam assembly coupled to the upper tubular support member 
10 comprising: 

a tubular base coupled to the upper tubular support member, and 

a plurality of cam amis extending from the tubular base in a downwarel 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam arms of 
15 the upper cam assembly and pivotally coupled to the tubular support member. 

a lower tubular support member defining a second passage fluidicly coupled to 
the first passage reteasably coupled to the upper tubular support member. 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support memben and 
20 a plurality of cam anns extending from the tubular base in an upward longitudinal 

direction, each cam aim defining an inclined surface that mates with the Inclined 
surface of a conesponding one of the upper expansion cone segments: 

wherein the cams amis of the upper cam assembly are interieaved with and 
overiap the cam arms of the lower cam assembly; and 
25 a plurality of lower expansion cone segments interieaved with cam amis of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the Inclined surface of a corresponding 
one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interieave and overiap the upper 
30 expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defonning and radially expanding the 
expandable tubular member. 

2. The apparatus of daim 1 . wherein the upper tubular support member comprises: 
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a safety collan 

a torque plate coupled to the safety collar comprising a plurality of 
drcumferenfially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of drcumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
extemal flange at another end; and 

a lower mandrel coupled to the extemal flange of the upper mandrel comprising 
an extemal flange comprising a plurality of drcumferentiaily spaced apart meshing 
teeth. 

3. The apparatus of claim 2, wherein the tubular base of the upper cam assembly 
comprises a plurality of drcumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the extemal flange of the lower mandrel. 

4. The apparatus of daim 2, further comprising: 

a stop nut coupled to an end of the lower mandrel for limiting the movement of 
the lower tubular member relative to the lower mandrel. 

5. The apparatus of daim 2. further comprising: 
locking dogs coupled to the lower mandrel. 

6. The apparatus of daim 1 , wherein the lower tubular support member comprises: 

a float shoe adapter comprising a plurality of drcumferenKally spaced apart 
meshing teeth at one end. an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange for pivotally engaging the lower expansion cone segments; arid 

a retaining sleeve received within the float shoe adapter releasably couple to 
the upper tubular support member. 

7. The apparatus of daim 6, wherein an end of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of dalm 6. wherein the tubular base of the lower cam assembly 
comprises a plurality of drcumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adaptor. 

5 9. The apparatus of daim 6, further comprising: 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

10 

10. The apparatus of dalm 1 , farther comprising: 

one or more shear pins coupled between the upper tubular support member and 
the lower fajbular support member. 

15 11. The apparatus of daim 1, further comprising: 

a stop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
memt>er. 

20 1 2. The apparatus of daim 1 , further comprising: 

a float shoe releasably coupled to the lower tubular support member that defines 
a vaiveable passage; and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

25 

13. The apparatus of dalm 1. wherein each upper expansion cone segment 
comprises: 

an Inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotaHy coupling the upper expansion cone segment to the upper tubular 
30 support member and arcuate cylindrical lower surfaces: 

an Intemiedlate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface: and 

an outer portion defining arcuate t^indrical upper and lower surfaces; and 
wherein each lower expansion cone segment comprises: 
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an Inner portion defining an arcuate cylindrical upper surface Including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate <^indrical upper and lower surfaces. 

14. The apparatus of dalm 13, wherein each upper expansion cone segment is 
tapered In the longitudinal direction from the Intennediate portion to the outer portion; 

10 and wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intenmediate portion to the outer portion. 

15. An apparatus for radially expanding and plastically defonning an expandable 
tubular member, comprising: 

15 a safety collar, 

a torque plate coupled to the safety collar comprising a plurality of 
drcumferenfiaHy spaced apart meshing teeth at an end; 

an upper mandrel comprising a pluraHty of drcumferentlally spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
20 external flange at another end; 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of cfrcumferentlally spaced s^rt meshing 
teeth; 

a stop nut coupted to an end of the lower mandrel; 
25 an upper retaining sleeve coupled to the lower mandrel comprising an Internal 

flange; 

one or more cup seals coupled to the upper mandrel for sealing an Interface 
between the upper mandrel and the e)q)andable tubular member. 

an upper cam assembly coupled to the lower mandrel comprising: 
30 a tubular base comprising a plurality of drcumferentially spaced apart meshing 

teeth for engaging the meshing teeth of the external flange of the lower mandrel; and 

a plurality of cam amis extending from the tubular base in a downward 
longitudinal direction, each cam anti defining an indined surface; 



40 



a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and ph/otally coupled to the Internal flange of the upper 
retaining sleeve; 

a float shoe adapter comprising a plurality of circumferentially spaced apart 
5 meshing teeth at one end, an Internal flange, and a torsional coupling at another end; 

a tower retaining sleeve coupled to an end of the float shoe adapter comprising 
an ir^emal flange; 

a tBtaining sleeve received wWhin the float shoe adapter; 

one or more shear pins for releasably coupling the retaining sleeve to the stop 

10 nut; 

a lower cam assembly coupled to the float shoe adapter comprising: 
a tubular base comprising a plurality of drcumferentiaHy spaced apart meshing 
teeth for engaging the meshing teeth of the float shoe adapten and 

a plurality of cam arms extending from the tubular base In an upward tongitudinal 
15 direction, each cam ann defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expan^n cone segments; 

wherein the canfis anns of the upper cam assembly are interleaved with and 
overlap the cam anns of the lower cam assembly; 

a plurality of lower expansion cor^e segments interleaved v\rtth cam amis of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower retaining sleeve and mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly; 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor. 

and 

25 an expandable tubular member coupled to the float shoe and supported by and 

movably coupled to the upper and lower expansion cone segments; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 

wherein the upper and tower expansion cone segments together define an 
30 arcuate s(rfierical external surface for plastically defom^ng and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 



20 



41 



an Inner portion defining an arcuate cyfindrical upper surface Including a hinge 
groove for pivolally coupling the upper expansion cone segment to the upper tubular 
support meniber and arcuate cylindrical lower surfaces; 

an Intermediate portion defining arcuate Qiindrical and spherical upper surfaces 
5 and an arcuate conical lower surfeoe; and 

an outer portion defining arcuate cylindrical upper and lower surfaces: 
wherein each lower expansion cone segment comprises: 
an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
10 support member and arcuate cylindrical lower surfaces; 

an intemiediate portion defining arcuate cylindrical and spherical upper surfaces 
ar)d an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 
wherein each upper expansion cone segment is tapered in the longitudinal 
1 5 direction from the Intemiediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemiediate portion to the outer portion. 

1 6. A collapsible expansion cone assembly comprising: 
20 an upper tubular supporil member comprising an internal fiange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from the tubular base in a downward 
25 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam amis of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member, 

a lower tubular support member comprising an internal flange; 
30 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support memben and 
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a plurality of cam arms extending from the tubular base in an upward longitudinal 
dlrBCtfon. each cam am defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are Interleaved with and 
overlap the cam amns of the tower cam assembly and 

a plurality of lower expansion cone segments interleaved with cam amis of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
Internal flange of the lower tubular support member and mating with the inclined 
surface of a conespondlng one of the cam amis of the upper cam assembly. 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defbnnlng and radially expanding the 
expandable tubular member. 



17. The assembly of claim 16, wherein each upper expansion cone segment 

comprises: 

an inner portion defining an arcuate cylindrical upper surfece including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
20 support member and arcuate cylindrical lower surfaces; 

an intemiediate portion defining arcuate Qrtlndrlcal and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
wherein each lower expansion cone segment comprises: 
25 an Inner portion defining an arcuate cylindrical upper surface including a hinge 

groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower sur^K^es; 

an intermediate portion defining arcuate (^ndrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
30 an outer portion defining arcuate cylindrical upper and lower surfaces. 

18. The assembly of claim 16, wherein each upper expansion cone segment is 
tapered In the longitudinal direction from the intermediate portion to the outer portion; 
and 
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vvherein each lower expansion cone segment is tapered in the longitudinal 
direction from the Intenrodlate portion to the outer portion. 

1 9. A collapsible expansion cone assembly, comprising: 
6 an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support memben and 

a plurality of cam arms extending from the tubular base in a downward 
10 longitudinal direcOon. each cam ami defining an inclined surface; 

a plurality of upper expansion cone segments Interieaved with the cam amis of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support memt>er; 

a lower tubular support member comprising an internal flange; 
15 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tobular support member, and 

a plurafity of cam arms extending from the tubular base in an upward longitudinal 
20 direction, each cam ami defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are interieaved with and 
overiap the cam amis of the lower cam assembly; and 

a piuralily of lower expansion cone segments interieaved with cam amis of the 
25 lower cam assembly, each lower expansion cone segment pivotally coupled to the 
Internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam amis of ttie upper cam assen4>ly: 

wherein the lower expansion cone segments Interieave and overiap the upper 
expansion cone segments; 

30 wherein the upper and lower expansion cone segments together define an 

arcuate spherical external surface for plastically defomiing and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support niember and arcuate cylindrical lower surfaces; 

an Intenr^ediate portion defining arcuate cyTindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an Inner portion defining an arcuate (^indrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces: 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinai 
direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemiediate portion to the outer portion. 

20. An apparatus for radially expanding and plastical^ deforming an expandable 
tubular member, comprising: 

a tubular support member, 

a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
tubular member, and 

means for cdlapsing the expansion cone. 

21. The apparatus of daim 20, wherein the tubular support member comprises an 
upper tubular support member comprising an internal flange and a lower tubular 
Support member comprising an intemal flange; wherein the expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
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a plurality of cam arms extending from the tubuJar base In a downward 
longitudinal direction, each cam amn defining an Inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and plvotally coupled to the internal flange of the upper 
tubular support memt)en 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 

a plurality of cam anns extending from the tubular base in an upward longitudinal 
direction, each cam anm defining an inclined surface that mates with the Inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved vrith cam amis of the 
tower cam assembly, each lower expansion cone segment pivotally coupled to the 
intemal flange of the lower tubular support member and mating with the Inclined 
surface of a corresponding one of the cam anus of the upper cam assembly; and 
wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support member to the lower 
tubular support memt>en and 

means for limiting nrK>vement of the upper tubular support member relative to the 
lower tubular support member. 

22. The apparatus of daim 20, further comfwising: 

means for pivoting the upper expansion cone segments; and 
means for pivoting the lower expansion cone segments. 

23. The apparatus of daim 20. furttier comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
member. 

24. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam anm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam amis of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular t>ase; and 

a plurality of cam amns extending from the tubular base in an upward longitudinal 
direction, each cam anm defining an indined surfece that mates with the inclined 
surface of a oonresponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are interleaved with and 
overlap the cam amns of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam amns of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a corresponding one of the cam amis of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments* 

25. The apparatus of daim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of daim 24, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intern>ediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cyTindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindrical upper and lower surfaces. 

27. The apparatus of claim 24, wherein each upper expansion cone segment is 
tapered In the longitudinal direction from the intemfiediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intenfnediate portion to the outer portion. 

28. A method of radially expanding and plastically defomning an expandable tububr 
member, comprisir^: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

Injecting a fluidic nr^terial into the tubular support member, 

sensing the operating pressure of the injected fluidic material within a first interior 
portion of the tubular support member, 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member, 

sensing the operating pressure of the injected fluidic material within a second 
Interior portion of the tubular support member, and 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetennined level within the second interior 
portion of the tubular support member. 

29. The method of daim 28, further comprising: 

pulling the collapsible expansion cone through the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetemnined level within the first interior portion of the tubular support member. 

30. The method of daim 29, wherein pulling the collapsible expansion cone ttirough 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support member above the 
collapsible expansion cone; 
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a plurality of cam arms extending from the tubular base In a downward 
longitudinal direction, each cam anm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved wltti the cam anms of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular base; and 

a plura% of cam arms extending from the tubular base In an upward longitudinal 
direction, each cam anm defining an incHhed surfece that mates with the Inclined 
surface of a corresponding one of the upper expansim cone segments; 

wherein the cams arms of the upper cam assembly are Interleaved with and 
overlap the cam amis of the lower cam assembly; 

a plurality of lower expansion cone segments Interleaved with cam amis of Uie 
lower cam assembly, each lower e)q)anslon cone segment mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the tower cam assembly away from the upper expanston cone 
segments. 

25. The apparatus of claim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surfeice. 

26. The apparatus of claim 24. wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylihdrical upper surface and arcuate 
cylindrical lower surfaces; 

an intennediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate cordcal lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cytindrical upper and lower surfaces. 

27. The apparatus of claim 24. wtierein eadtx upper expansion cone segment Is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemnediate portion to the outer portion. 

28. A method of radially expanding and plastically defomiing an expandable tubular 
member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

injecting a fluidic material into tiie tubular support member, 

sensing the operating pressure of tiie injected fluidic material within a first interior 
portion of the tubular support member, 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within tiie first interior portion of the tubular support member. 

sensing tiie operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member, and 

collapsing tiie collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetemnined level wittiin ttie second Interior 
portion of the tubular support member 

29. The metiiod of daim 28, furtiier comprising: 

pulling VhB collapsible expansion cone ttirough Vhe expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level wittiin tiie first interior portion of Uie tubular support member. 

30. The metiiod of daim 29, wherein pulling ttie collapsible expansion cone ttirough 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support memt)er above the 
collapsible expansion cone; 
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pressuring the interior of the expandable tubular member below the cup seals; 

and 

pulling the collapsible expansion cone through the expandable tubular member 
using the cup seals. 

31. The method of daim 28, wherein the tubular support member comprises an 
upper tubular support member and a lower tubular support member, and wherein 
collapsing the collapsible expansion cone comprises displacing the upper tubular 
merhber relative to the tower tubular support member. 

32. The method of daim 31, wherein the collapsible expansion cone comprises: 
an upper cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an indined surface; 

a plurality of upper expansion cone segments interieaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member, 
a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam amn defining an indined surface that mates with the inclined 
surface of a conresponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are interieaved with and 
overiap the cam arms of the lower cam assembly; and 

a pluranty of lower e)q)ansion cone segments interieaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to th^ 
lower tubular support member and mating with the indined surface of a corresponding 
one of the cam arms of the upper cam assemtiiy. 
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